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THE POSSIBILITY OF FLITTER I N  TRANSONIC SPEZD RANGE 
AT VARYING ANGLES OF m A C K  
By Burke R.  0 ' ~ e l l y  
SUMMARY 
Free-flight t e s t s  i n  the transonic speed range u t i l i z ing  rocket- 
propelled models have been made on three pa i rs  of 0.11-scale North 
American F-100 airplane wings having an aspect r a t i o  of 3.47, a taper 
r a t i o  of 0.308, 45' sweepback a t  the quarter-chord l ine ,  and thickness 
r a t i o s  of 31 and 5 percent t o  investigate the poss ib i l i ty  of f l u t t e r .  
2 
Data from t e s t s  of two other rocket-propelled models which accidentally 
f lu t t e red  during a drag investigation of the North American F-100 a i r -  
plane are  a l so  presented. 
The f i r s t  s e t  of wings (5 percent thick)  was tes ted  on a model which 
was disturbed i n  pi tch by a moving t a i l  and reached a maximum Mach num- 
ber of 0.85. The wings encountered mild osci l la t ions near the f i r s t -  
bending frequency at high l i f t  coeff ic ients .  The second s e t  of wings 
9 percent thick was tes ted  up t o  a maximum Mach number of 0.95 a t  
( 2  ) 
angles of a t tack provided by small rocket motors ins ta l led  i n  the nose 
of the  model. No osc i l la t ions  resembling f l u t t e r  were encountered &fling 
the  coasting f l i g h t  between separation from the booster and sustainer 
f i r i n g  ( ~ a c h  numbers from 0 .% t o  0 -82) or during the sustainer f i r i n g  
a t  accelerations of about 8g up t o  the maximum Mach number of the t e s t  
(0.95) . The t h i r d  s e t  of wings was s i m i l a r  t o  the f i r s t  s e t  and was 
t e s t ed  up t o  a maximum Mach number of 1.24. A mild f l u t t e r  a t  frequencies 
near the first-bending frequency of the wings was encountered between a 
Mach number of 1.15 and a Mach number of 1.06 during both accelerating 
and coasting f l i g h t .  The two drag models, which were 0 . l l -scale  models 
of the North American F-100 airplane configuration, reached a maximum 
Mach number of 1.77. The wings of these models had bending and tors ional  
frequencies which were 40 and 89 percent, respectively, of the calculated 
scaled frequencies of the ful l -scale  7-percent-thick wing. Both models 
experienced f l u t t e r  of the same type as tha t  experienced-by the t h i r d  s e t  
of wings. 
. - 2 ;*+%qy-{i arfi;;~$ % , P $ & y X g ,  7.Q r . ,  we cbb&d&a$ tb%bbr L.c..t 9 #  
~uthonty NASA P u B L ~ C A T ~ O ~ ~  
~N~OUWCEMENTS rn NO, 
NACA RM ~ ~ 5 4 ~ 2 9  
INTRODUCTION 
A t  the request of the U. S .  A i r  Force, f ree-f l ight  rocket-propelled 
model t e s t s  a t  transonic speeds a t  varying angles of at tack have been 
conducted t o  investigate the poss ib i l i t y  of f l u t t e r  of the 0.11-scale 
North American F-100 airplane wing and horizontal t a i l .  
Calculations by the North American Aviation, Incorporated had shown 
t h a t  the F-100 airplane wing was subject t o  quasi-single-degree bending 
f l u t t e r  over a Mach number range near 1 .0.  Tests u t i l i z ing  rocket- 
propelled models were made t o  investigate t h i s  predicted f l u t t e r  condi- 
t i o n .  This paper presents r e su l t s  of a ser ies  of f ive  t e s t s ;  three of 
which were f l u t t e r  t e s t s  and two of which were drag model t e s t s  which 
encountered f l u t t e r .  
The wings t o  be tes ted  had thicknesses of 5 and 9 percent i n  order 
2 
t h a t  both wing- and ta i l -surface f l u t t e r  could be investigated. The 
North American F-100 airplane, as or iginal ly  proposed, has a 7-percent- 
th ick  wing and t a i l ,  the t a i l  surfaces being 0.49 scale of the wings. 
The t e s t  wings were purposely made weaker than the scaled values of the 
prototype. I n  t h i s  way, i f  the rocket model wings did not f l u t t e r ,  it 
would be expec$ed tha t  the ful l -scale  wings would also be f ree  of f l u t t e r .  
The 5-percent-thick wings, a t  sea level ,  had the mass r a t i o  of the f u l l -  
scale  7-percent-thick wings a t  33,000 fee t  and the 7-percent-thick t a i l  
a t  41,000 f e e t  but had only 65 percent of the required scaled bending 
frequency. The 9 percent-thick wings, a t  sea level ,  had the mass r a t i o  
2 
of the ful l -scale  7-percent-thick wings a t  25,000 fee t  and the 7-percent- 
th ick  t a i l  a t  34,500 fee t  but had only 45.5 percent of the required scaled 
bending frequency . 
As a par t  of the t e s t  program, two 0.11-scale rocket-powered models 
of the North American F-100 airplane were tes ted  t o  determine the drag 
character is t ics  ( r e f .  1 )  and the r e su l t s  from these t e s t s  which pertain 
t o  f l u t t e r  are included i n  t h i s  report .  The wings of these models were 
not, however, dynamically scaled. The bending and tors ional  frequencies 
of these 7-percent-thick wings were 40 and 89 percent, respectively, of 
the calculated scaled frequencies of the ful l -scale  7-percent-thick wing. 
SYMBOLS 
k x  aspect r a t i o  of exposed wing panels 
an/g normal accelerometer reading 
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a + x, location of center of gravi ty of wing section from midchord, 
b semichord of t e s t  wing normal t o  quarter-chord l ine ,  f t  
c loca l  wing chord, f ree stream, i n .  
f frequency, cps 
g acceleration due t o  gravity, f t /sec2 
I, polar mass moment of i n e r t i a  about the e l a s t i c  axis  per uni t  length, f t- lb-sec2/ft  
M Mach %umber 
m mass of wing per uni t  length, s lugs/f t  
2 
s q w e  of nondimensional radius of gyration about the center 
of gravity,  I&/mb2 
sex wing area of two exposed wing panels, sq f t  
t f l i g h t  time from launching, sec 
V velocity, fps 
W/S wing loading, lb/sq f t  
A sweepback a t  quarter-chord l ine ,  deg 
A taper  r a t i o  o'f exposed wing panel, ct/cr 
P mass r a t i o ,  m/apb2 
P atmospheric density, s.lugs/ft3 
Subscripts,: 
h l  f i r s t  bending 
h2 second bending 
s t d  
al 
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standard conditions 
f i r s t  torsion 
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MODELS AND INSTRUMENTATION 
Mode Is 
The f l u t t e r  models tes ted  consisted of two types. The f i r s t  type 
was basical ly  the same as tha t  described i n  reference - 2 with the exception 
of a moving t a i l  and the associated mechanism. The t a i l  f i n s  had a modi- 
f i e d  double-wedge a i r f o i l  section. The mechanism consisted of an e l e c t r i c  
motor coupled t o  reduction gears which drove a cam-fork arrangement con- 
nected t o  a control rod attached t o  the t a i l .  This arrangement resul ted 
i n  the t a i l  moving sinusoidally with respect t o  time. By changing gears 
and adjusting the linkages, the  r a t e  of pulsing and the amount of deflec- 
t i o n  could be selected pr ior  t o  the f l i g h t .  A sketch of t h i s  type of 
rocket-propelled f l u t t e r  model with the dynamically scaled f l u t t e r  wings 
attached may be seen i n  figure l ( a )  and a photograph is  shown i n  f ig -  
ure 2 ( a ) .  The second type of f l u t t e r  t e s t  vehicle has been described i n  
reference 2 and a sketch of t h i s  type with the f l u t t e r  wings attached i s  
shown i n  figure l ( b )  . A photograph may be seen i n  figure 2(b) . Two small 
rocket motors were ins ta l led  i n  the nose of t h i s  model t o  dis turb the 
model i n  pi tch.  These f l u t t e r  models used the same type of booster so 
t h a t  the models were accelerated t o  about M = 0.8. After separation 
from the booster, a fiveSinch cordite rocket motor incorporated i n  each 
model as a sustainer accelerated the model a t  about 8g t o  the maximum 
Mach number of the t e s t .  
The two drag models, which were 0.11-scale models of the North 
American F-100 airplane with and without horizontal- ta i l  surfaces, have 
been previously described i n  reference 1. 
Weight and balance data f o r  both the f l u t t e r  models and the drag 
investigation models a re  presented i n  tab le  I. 
Test Wings 
Three pairs  of f l u t t e r  wings were tes ted  i n  t h i s  investigation. In 
plan form, the wings were ident ica l .  The wings of models 1 and 3, how- 
ever, were 5 percent thick and the wings for  model 2 were 9 percent thick 2 
These wings were made of so l id  magnesium al loy and when mounted on the 
t e s t  vehicle were swept back 45' a t  the quarter-chord l i n e  with a taper 
r a t i o  of 0.308, an aspect r a t i o  of 3.479 and NACA 6 4 ~  ser ies  a i r f o i l  
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sections modified from the 70-percent-chord s t a t ion  t o  the t r a i l i n g  edge 
fo r  ease of machining. Figure 3 shows a sketch of the wing and the root 
attachment. Structural  character is t ics  and natural  frequencies of the 
wings found by vibrating the wings while attached t o  the body are  given 
i n  tab le  11. Structural  influence coefficients were taken for  the wings. 
Figure 4 is  a sketch of the wings showing the points of load application 
and deflection measurements and the wing panels fo r  which the masses 
were determined for  use with the s t ruc tura l  influence coeff ic ients .  For 
the determination of the influence coefficients,  each wing was loaded by 
means of a weighted frame which could be slipped over the wing i n  such a 
manner tha t  a point load could be applied. The deflections were measured 
with d i a l  gages which could be read d i r ec t ly  t o  0.0001 inch. Tables 111 
and IV give the values of the influence coefficients for  both the 5- and 
the 9 -pe rcen t - th i ck  wings and the masses of the wing panels associated 
2 
with the influence coeff ic ients .  
The wings of the drag models were fabricated of an aluminum-alloy 
spar with laminated-mahogany leading and t r a i l i n g  edges ( f i g .  3 ) .  Except 
f o r  both pa i rs  of these wings being 7 percent thick, they were dimension- 
a l l y  very nearly the same as the f l u t t e r  wings although they were not 
dynamic models. The two se t s  of wings had the same vibration character- 
i s t i c s ,  t h a t  i s ,  the natural  frequencies and the node l ines  were the same. 
Figure 5 shows the node l ines  and frequencies of the wings of each 
model as determined by ground vibration t e s t s  with the wings mounted on 
the models. 
A comparison of the first-bending and uncoupled-torsion frequencies 
of each of the models with the calculated scaled frequencies of the f u l l -  
scale wings i s  given i n  the following table:  
Instrumentat ion 
The models were equipped with multichannel telemeters which gave 
continuous records of the quant i t ies  t o  be measured; namely, torsion 
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and bending s t r a ins  for  each of the wings, t o t a l  pressure, normal accel- 
erat ion near the model center of gravity, angle of attack, and, with the 
exception of model 2, posit ion of the t a i l .  I n  model 3, one of the wing 
tors ion gages was inoperative. The s t r a i n  gages were located on the wing 
so tha t  the bending gages were prac t ica l ly  insensit ive t o  tors ional  s t r a in ,  
but the tors ion gages could not be made insensit ive t o  bending s t r a i n .  
The instrumentation f o r  the drag models i s  described i n  reference 1. 
A normal'accelerometer located i n  the wing root  about 5 inches outboard 
cf the model center l i n e  was used t o  detect any wing vibrations.  
Atmospheric conditions prevailing a t  the t ines  of the f l i g h t s  were 
obtained from radiosondes. The radiosonde was tracked by radar t o  deter- 
mine wind direct ion and velocity up t o  the maximum al t i tudes  of the models. 
Two radar s e t s  tracked the models during the f l igh t s ;  one t o  give the 
velocity of the models with respect t o  a ground reference point and the 
other t o  give t h e i r  posit ion i n  space. A l l  the f l i gh t s  were tracked by 
motion-picture cameras t o  give photographic records of the f l i g h t s .  
The models were launched a t  the Langley Pi lo t less  Aircraft  Research 
Stat ion a t  Wallops Island, Va .  
PRESENTATION OF lBSULTS 
Model 1 (5-percent-thick wings1.- A time his tory of the f l i g h t  of 
model 1 showing Mach number, velocity, and atmospheric density i s  shown 
i n  figure 6(a) .  A portion of one of the telemeter records i s  reproduced 
i n  figure 7(a)  and a reduction of the data from the telemeter record i s  
shown i n  figure 8(a) . 
The angles of a t tack and normal accelerations reached rather  high 
values when the model responded t o  the pulsed t a i l  ( f i g .  7 ( a ) )  and because 
of t h i s ,  the t a i l  f i n s  were overloaded and broke off and thus caused the 
model t o  become unstable. Consequently, the model broke i n  two and the 
useful  portion of the f l i g h t  w a s  terminated. 
The t a i l  was pulsed sinusoidally from a zero posit ion t o  -10' a t  
the r a t e  of 3 cycles per second. The angle-of-attack response t o  t h i s  
p i tch  disturbance reached values as high as 1 3 . 4 O  and -6.60 and the normal 
accelerations reached values as high as 23g and -10g. A t  the time of the 
model breakup, the angle'of a t tack was i n  excess of 14.80 and the normal 
acceleration was i n  excess of 27.5g, these values being the instrument 
l imi t s .  The Mach number a t  t h i s  time was 0.83, the maximum at tained i n  
the t e s t .  Motion pictures of the  f l i g h t  showed tha t  neither of the wings 
broke off of the model even a t  the high angles of a t tack.  
CONFIDENTIAL 
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During these osci l la t ions,  the wing s t r a i n  gages showed the wings 
t o  be bending but not twisting and no violent f l u t t e r  was evident even 
a t  the high angles of a t tack.  The small deflections shown by the torsion 
gages a re  due primarily t o  the wing bending. The bending s t r a i n  gages 
( f i g  . 7(a)  ) show a low-amplitude osc i l la t ion  of approximately 50 cycles 
per second at 1.9 seconds (M = 0.74) on the r ight  wing and about 73 cycles 
per second a t  2.3 seconds (M = 0.79) on the l e f t  wing. These osc i l la t ions  
occur primarily a t  high l i f t  coefficients and they may be the r e su l t  of 
wing motion i n  the wing-bending f l u t t e r  mode or  of flow separation. 
Model 2 (9 -percent-thick wings) .- A time his tory of the f l i g h t  of 2 
model 2 showing Mach number, velocity, and atmospheric density i s  shown 
i n  figure 6(b) .  A reduction of the data  from the telemeter record from 
launching t o  model breakup is  shown i n  figure 8(b) . 
A t  M--" 0.94, the first disturbing rocket f i r e d  caused the model 
t o  pi tch up so tha t  it reached an angle of a t tack i n  excess of lo0 and 
a normal acceleration i n  excess of 23g, these values being the instrument 
limits ( f i g .  8(b) ) . These high values, apparently due t o  disturbing rocket 
malfunction, again created an overload on the t a i l  f i n s  which f a i l e d  and 
caused the model t o  become unstable. The model, however, did not break 
apart  even though the useful portion of the f l i g h t  was terminated. The 
strain gages indicated tha t  the wings were bending and twisting rather  
large amounts. The maximum Mach number of the t e s t  was M = 0.95. Motion 
pictures showed tha t  neither wing broke off of the model during the f l i g h t .  
There were no wing osci l la t ions during the coasting f l i g h t  between separa- 
t i on  of the model from the booster and sustainer f i r ing;  t h i s  coasting 
f l i g h t  was i n  the Mach number range 0.86 t o  0.82 %here the  wings of the 
f i r s t  model osc i l la ted  under a longitudinal acceleration of 8 g .  There 
were no wing osc i l la t ions  similar t o  f l u t t e r  during sustainer f i r ing ,  
where the longitudinal acceleration of the model was about 8g ,  up t o  the 
maximum Mach number of the t e s t .  
Model 3 (5-percent-thick wings).- Model 3 had a r e l a t ive ly  low 
a l t i t ude  f l i g h t  and a time his tory of t h i s  f l i g h t  showing Mach number, 
velocity, and atmospheric density i s  shown i n  figure 6 ( c ) .  A portion 
of one of the telemeter records i s  reproduced i n  figure 7(b) afld a reduc- 
t i o n  of the data  from the telemeter record i s  shown i n  f igure 8 ( c ) .  
The t a i l  was pulsed sinusoidally from a zero posit ion t o  -5' a t  the 
r a t e  of 2L cycles per second. The angle of attack on the f i r s t  pulse 
2 
ranged from 5.3' t o  -0.7' . These maximum values gradually decreased i n  
magnitude with each suceeding pulse as the Mach number increased t o  the 
maximum value ( f i g .  8 ( c ) ) .  The normal acceleration varied from 8g t o  -3g. 
The maximum Mach number at ta ined i n  the t e s t  was M = 1.24. No violent 
f l u t t e r  occurred over the speed range experienced i n  the t e s t .  However, 
the two bending s t r a i n  gages ( f i g .  7(b))  show a low-amplitude undamped 
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osc i l la t ion  of approximately 62 cycles per second a t  4.5 seconds (M = 1.15) 
during the accelerating portion of the f l i g h t  and again at 7.3 seconds 
(M = 1.06) during the decelerating portion of the f l i g h t .  These same 
osc i l la t ions  occur at other times during the f l i g h t  but are not as sus- 
ta ined as a t  these times. These osc i l la t ions  appear t o  be i n  the wing 
first-bending f l u t t e r  mode as the  first-bending frequency of the wings 
i n  s t i l l  'a i r  was 49.0 cycles per second and no motion of l i k e  nature was 
indicated on the torsion s t r a i n  gage. 
Drag model 1.- A time his tory of the f l i g h t  of drag model 1 showing 
Mach number, velocity, and atmospheric density during tha t  portion of 
the decelerating f l i g h t  i n  which f l u t t e r  occurred is  shown i n  figure 6(d) ,  
and a portion of one of the  telemeter records showing the f l u t t e r  osci l -  
la t ions  i s  presented i n  f igure 7 (c ) .  These osci l la t ions occurred between 
the Mach numbers of 0.94 and 1.11 a t  a frequency of 50 cycles per second. 
The first-bending frequency of the wings was 31 cycles per second and the 
f i r s t  tors ional  frequency was 256 cycles per second. The double amplitude 
of the osc i l la t ions  was about 0.3g as measured by a normal accelerometer 
located i n  the wing root .  A study of these figures indicates strongly 
t h a t  the wings encountered essent ia l ly  the same type of osc i l la t ions  as 
a t  l eas t  one of the f l u t t e r  models. 
Drag model 2.- Figure 6(e)  shows a time his tory of t h i s  f l i g h t  during 
the decelerating portion when f l u t t e r  occurred and presents Mach number, 
velocity, and atmospheric density.  Figure 7(d) i s  a reproduction of a 
portion of the telemeter record which shows the f l u t t e r  osc i l la t ions .  
These osci l la t ions occurred a t  about the same Mach number range (0.94 
t o  1.1) as did those of the f i r s t  drag model and a t  the same frequency 
(50 cycles per second) . The first-bending frequency of these wings was 
31 cycles per second; the f i r s t - to r s iona l  frequency was 256 cycles per 
second; and the double amplitude of the f l u t t e r  was again about 0.3g 
measured i n  the same way. It appears evident tha t  these wings experienced 
the same type of f l u t t e r  as the wings of the other drag model and essen- 
t i a l l y  the same as one of the f l u t t e r  models. 
CONCLUDING REMARKS 
Free-flight rocket-propelled models with 0.11-scale wings of the 
North American F-100 airplane of different  thicknesses have been tes ted  
a t  varying angles of a t tack.  One f l u t t e r  model having 5-percent-thick 
wings experienced mild wing osci l la t ions a t  high l i f t  coefficients over 
a Mach number range of 0.71 t o  0.8) a t  frequencies of 50 and 73 cycles 
per second. These osci l la t ions may be the r e su l t  of wing motions i n  the 
bending f l u t t e r  mode or  of flow separatton. A f l u t t e r  model having 
*- percent-thick wings did not experience any wing osci l la t ions over a 
2 
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Mach number range of 0 .86 t o  0.82 as did one of the other models . This 
speed range was during decelerating f l i g h t  between separation of the  
model from the booster and sustainer f i r ing .  During the sustainer f i r i n g  
a t  an acceleration of about 8g, the wings were also f ree  of f l u t t e r  up 
t o  the maximum Mach number of 0.95. (Another s e t  of 5-percent-thick 
f l u t t e r  wings f lu t t e red  sporadically over a Mach number range of 0.90 
t o  1.24 a t  a frequency of about 62 cycles per second.) 
Two drag-investigation models having 7-percent-thick wings encoun- 
te red  the same type of f l u t t e r  as  the  t h i r d  f l u t t e r  model over a Mach 
number range of about 1.10 t o  0.94 a t  a frequency of 50 cycles per second. 
The osc i l la t ions  and f l u t t e r  which were encountered by four of the 
f ive  models t e s t ed  would probably not occur on the fu l l - sca le  airplane 
wings because of the large differences in the wing s t i f fnesses  between 
the model wings and the ful l -scale  wings and because the s t ruc tu ra l  damping 
of the full-scaln wing of r i b  and spar construction would be higher than 
the s t ruc tu ra l  damping of the two types of model wings of so l id  material  
and so l id  spar and f a i r ing  construction. 
Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 
Langley Field, Va., July 14, 1954. 
Burke R . 0 ' Kelly 
Research Scient i s t  
eph A.  Shortal  
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TABLE I 
WEIGRT AND BALANCE DATA OF MODELS 
Weight without 
Center of gravity 
with fue l ,  i n .  
TABLE I1 
WING W C T E B I S T I C S  AND 
NATURAL FREQUENCIES 
I-' 
I-' 
TABLE I11 
STRUCTURAZ, INFLUENCE COEFFICIENTS 
FOR STATIONS SHOWN IN FIGURE 4 
(a) Model 1." 5-percent-thick wings; 25-pound load 
"~odels 1 and 3 were esseutially the same. 
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TABLE N 
MASS OF NUMBERED PANELS OF WIMGS 
++ 
Models 1 and 3 were essentially the same. 
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Flutter model wing 
Drag model wing 
Root attachment 
L 1 
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Model Q-------.   --- ----- 
f 
Figure 3 . -  Sketch of the wings. A l l  dimensions are i n  inches. 
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Time,t, sec 
(c) Model 3. 
Figure 6.- Continued. 
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(a) Flutter model 1. 
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(b) Flutter model 3. 
Figure 7.- Portions of the telemeter records. 
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(c)  Drag model 1. 
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Total pressure 7 
(d) Drag model 2. 
Figure 7.- Concluded. 
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